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$EVWUDFW

5HFHQW LQFUHDVH LQXUEDQSRSXODWLRQZDWHUSROOXWLRQGXH WR LQGXVWULDOL]DWLRQDQGFOLPDWHFKDQJHV UHYHDOHG WKHQHHG WR UHYLVLW
ZDWHUXWLOL]DWLRQSROLFLHVWRXVHZDWHUUHVRXUFHVDGHTXDWHO\UHGRFULWLFDODQDO\VLVIRUH[LVWLQJSUHYHQWLRQSODQVDQGSUHSDUHQHZ
SUHYHQWLRQSODQV,QWKHSUHVHQWVWXG\FXUUHQWVWDWHRIWKHZDWHUSRWHQWLDOVRI(÷LUGLUUHJLRQORFDWHGDWODNHVUHJLRQLVLQYHVWLJDWHG
LQ WHUPV RI SUHFLSLWDWLRQ WHPSHUDWXUH HYDSRUDWLRQ DQG ZDWHU OHYHO FKDQJH E\ XVLQJ WKH PRQWKO\ DQG DQQXDO GDWD DYDLODEOH
7KHUHIRUH WKH GDWD LV SURFHVVHG E\ XVLQJ5XQ KRPRJHQHLW\ WHVW0DQQ.HQGDOO DQG 6HQ$QDO\VLV ,Q DGGLWLRQZDWHU EXGJHW
DQDO\VLV LV FDUULHG RXW IRU /DNH (÷LUGLU ,W LV IRXQG WKDW DQDO\VLV UHVXOWV DQG ZDWHU EXGJHW UHVXOWV RYHUODS IRU /DNH (÷LUGLU
3URYLGHG SUHYHQWLYH PHDVXUHV DUH QRW WDNHQ LPPHGLDWHO\ DW WKH HQG WKH\ DUH RI \HDU SHULRG /HYHO RI /DNH (÷LUGLU LV
HVWLPDWHG WR GHFUHDVH DQQXDOO\ E\  7R SUHYHQW WKH ZDWHU OHYHO GHFUHDVLQJ LQ /DNH (÷LUGLU VRPH QHFHVVDU\ SUHFDXWLRQV
VKRXOGEHWDNHQLQDFWLYHXQGHUJURXQGUHVRXUFHVVKRXOGEHDFWLYDWHGLUULJDWLRQODQGVZKLFKXVHZDWHUIURP/DNH(÷LUGLUVKRXOG
QRWEHDOORZHG IXWXUHZDWHU VWRUDJHZLWKLQ WKH UDLQIDOOZDWHUVKHGVKRXOGEHSUHYHQWHG WKH ODQGV WKDWKDYHVKRZQQRVLJQVRI
GHYHORSPHQWDQGZKLFKDUHH[SHFWHGWRQRW LPSURYHLQWKHIXWXUHVKRXOGEHGHWHFWHGDQGWKHVHODQGVVKRXOGEHUHPRYHGIURP
IXWXUHLUULJDWLRQSODQVHIILFLHQWPHWKRGVRIHFRQRPLFDOXVHRIZDWHUUHVRXUFHVIRUWKHFXUUHQWO\FXOWLYDWHGLUULJDWHGODQGVVKRXOG
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ORVV LV GXH WR WKH VRXWKHUQ RXWOHW RI WKH ODNH HYDSRUDWLRQ GROLQH DQG V\QWKHWLF RXWIORZ LUULJDWLRQ HQHUJ\
SURGXFWLRQDQGGRPHVWLFZDWHUXWLOL]DWLRQ>@
7KHIDFWRUVFRQWULEXWLQJWRWKHGHFUHDVHVDUHLRYHUXWLOL]DWLRQRIWKHZDWHURI(÷LUGLU/DNHE\WRRPDQ\SURMHFWV
LL H[LVWHQFH RI XQXWLOL]HG VXEVXUIDFH ZDWHU VRXUFHV LLL SHUPLWWLQJ RYHU VWRUDJH RYHU WKH UDLQ IDOO EDVLQ LY























2.1. Data Analysis  
&OLPDWHGDWDLVLQKHUHQWO\UDQGRPWKHUHIRUHDQLQYHVWLJDWLRQRIPRQRWRQLFGHFUHDVHRULQFUHDVHGHULYHGIURPVXFK
GDWD QHFHVVLWDWHV WKH XVH RI VSHFLDO WHFKQLTXHV +HOVHO DQG +LUVFK   7KURXJK VWDWLVWLFDO WUHQG WHVWV WKH
K\SRWKHVLV RQ ³WKH H[LVWHQFH RI D WUHQG LQ WKH DQDO\]HG GDWD´ LV FKHFNHG DQG D ILQDO GHFLVLRQ LVPDGH7KH ILQDO
GHFLVLRQGHSHQGVRQWKHVHOHFWHGPHDQLQJIXOQHVV OHYHO%D\D]ÕWHWDO0HDQLQJIXOQHVV OHYHO LVHTXDO WR WKH






WR ILQG KLGGHQ YDULDEOHV ,Q DGGLWLRQ LW LV DIIHFWHGE\ WKH VWDWLVWLFDO GLVWULEXWLRQ RI WKH GDWD0DQQ.HQGDOO WUHQG
DQDO\VLV WROHUDWHV LQFRPSOHWH GDWD DQG LW GRHV QRW UHTXLUH DQ\ SDUWLFXODU VWDWLVWLFDO GLVWULEXWLRQ WKHUHIRUH LW LV
H[WUHPHO\FRQYHQLHQW<XHWDO
,Q WKH SUHVHQW UHVHDUFK DQQXDO DQGPRQWKO\ DQDO\VHV RI WHPSHUDWXUH SUHFLSLWDWLRQ HYDSRUDWLRQ DQGZDWHU OHYHO
FKDQJH GDWD RI (÷LUGLU /DNH DUH REWDLQHG IURP 6WDWH 0HWHRURORJ\ *HQHUDO 'LUHFWRUDWH DQG 6WDWH:DWHU:RUNV
*HQHUDO'LUHFWRUDWH7KHVHGDWDVHWVDUHILUVW WHVWHGIRUKRPRJHQHLW\ LQDSURFHVVRIGDWDTXDOLW\FRQWURODQG ODWHU
WUHQG DQDO\VHV DUH SHUIRUPHG RQ VXIILFLHQWO\ KLJK TXDOLW\ GDWD VHWV 5XQ WHVW LV XVHG IRU KRPRJHQHLW\ FKHFN DQG
GLVWULEXWLRQLQGHSHQGHQWQRQSDUDPHWULF0DQQ.HQGDORUGHUFRUUHODWLRQDQG6HQ7HVWVDUHXVHGIRUWUHQGDQDO\VLV
 
2.1.1. E÷irdir Lake 
:DWHUOHYHOGDWDRI(÷LUGLU/DNHIRUDSHULRGRIWRLVDQDO\]HGE\XVLQJ5XQWHVWDQQXDOZDWHUOHYHOGDWD
DQGE\0DQQ.HQGDOODQG6HQPHWKRGVDQQXDODQGPRQWKO\GDWD
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$V VHHQ LQ 7DEOH  WKHUH LV D VLJQLILFDQW GHFUHDVH IRU Į  FRQILGHQFH LQWHUYDO IRU )HEUXDU\ -XO\ $XJXVW
6HSWHPEHUDQGDQQXDOURZVIURPWKHZDWHUOHYHOSRLQWRIYLHZ/LNHZLVHWKHUHLVDVLJQLILFDQWGHFUHDVHLQ-XQHIRU
Į  FRQILGHQFH LQWHUYDO 0DQQ .HQGDOO WHVW JUDSKLF IRU ZDWHU OHYHO GDWD REWDLQHG IURP (÷LUGLU /DNH VWDWLRQ
EHWZHHQDQGLVJLYHQLQ)LJXUH
0DQQ.HQGDOOWHVWJUDSKLFIRUZDWHUOHYHOGDWDREWDLQHGIURP(÷LUGLU/DNHVWDWLRQEHWZHHQDQGRQO\LQ




2.1.4. Sen Method 
/LQHDU WHQGHQFLHV RI WKH WUHQGV REVHUYHG LQ WLPH DUH FDOFXODWHG WKURXJK WKH XVH RI D QRQSDUDPHWULF PHWKRG
GHYHORSHG E\ 6HQ 7R GHWHUPLQH WKH VORSHV RI WKH DQQXDO DQGPRQWKO\ FKDQJHV LQZDWHU OHYHO GDWD FROOHFWHG E\
(÷LUGLU/DNHVWDWLRQ6HQ WHVW LVSHUIRUPHG6HQVORSHDQGXSSHUORZHU OLPLWYDOXHV IRUDQGFRQILGHQFH






'DWD LQ 7DEOH  VWDWH WKDW DQQXDO )HEUXDU\ $SULO -XQH -XO\ $XJXVW DQG 6HSWHPEHU ZDWHU OHYHOV H[KLELW D
VWDWLVWLFDOGHFUHDVH WUHQG6WDWLVWLFDOO\PHDQLQJIXOGHFUHDVH WUHQG IRU -XQH Į DQG IRU)HEUXDU\$SULO -XQH
-XO\$XJXVW6HSWHPEHUDQGDQQXDOYDOXHVĮ FDQEHREVHUYHG
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:DWHU OHYHO GHFUHDVH VORSH IRU -XQH LV DSSUR[LPDWHO\ P DQG WKH H[SHFWHGPLQLPXP LV P DQG WKH






(YDOXDWLRQRI WKHZDWHUEXGJHWRI(÷LUGLU/DNHVKRZV WKDW LQFRQMXQFWLRQZLWK)HEUXDU\ -XQH -XO\$XJXVW DQG
6HSWHPEHU PRQWKO\ UHVXOWV DQG DQQXDO UHVXOWV KDYH VLPLODU ZDWHU OHYHO GHFUHDVH 7R SUHYHQW WKH ZDWHU OHYHO DV
SUHVHQWHGXSWRQRZIROORZLQJSUHYHQWLYHPHDVXUHVVKRXOGEHWDNHQLPPHGLDWHO\
 1HZLUULJDWLRQSURMHFWVIHHGIURP(÷LUGLU/DNHVKRXOGQRWEHSHUPLWWHG





















 %UDXQHU 6  1RQSDUDPHWULF (VWLPDWLRQ RI 6ORSH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